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EVS Technology
EVS is a technology that affords a lecturer the means to give students, especially in a large class, the chance to engage with course material by having them answer questions in class -with immediate feedback provided. There are two broad types of EVS systems in use -infra red EVS and radio EVS. Infra red EVS has a limited range -that is, such systems can only be used with classes of a predetermined capacity, usually under 100 students. Radio technology is much more robust and can be used in classes with more than 1000 students, depending on the institutional need and the EVS vendor capacity. The most common EVS systems include Turning Point 1 , InterWrite PRS, and Educlick. An EVS (radio) system usually consists of handsets (Figure 1 ), a receiver and the operating software. In the UK, a handset costs between £30-£50, while receivers range from £200-£300. Some vendors, such as Turning Point, supply the operating software free (see the following references for cost, functionality and usability comparison of the EVS handsets currently available: Wilson, 2006; Draper, 2008) . Based on current practice in the US and UK, there are three modes of EVS acquisition and use in university classrooms. In the US (e.g. Purdue University and University of Wisconsin-Milwaukee), the model is for students to purchase their own handsets at the beginning of a semester, so each student has a personal handset. In the UK, students are usually not required to purchase their own handsets, but there may still be student ownership, depending on institutional practice. At Surrey University for example, students are required to borrow handsets from the library and keep for use for the duration of module(s), usually a semester, where handset use is required. Hertfordshire University also operates a student-ownership model. At Glasgow and Loughborough Universities, however, student ownership of handsets is on lecture-bylecture basis. This means that students collect handsets at the beginning of a lecture where handsets will be used, and then return the handsets at the conclusion of the lecture. But the common element to EVS acquisition in the UK is that the appropriate university department, such as Teaching Support at Loughborough University, usually purchases the handsets. Departments and staff within the institution are then invited to apply for the use of the handsets.
At the Mathematics Education Centre (Loughborough University), Turning Point (TP) supplied the EVS handsets being used by staff from the Centre, and the way TP works is that the enabling software is embedded in Microsoft PowerPoint. So a lecturer can prepare multiple-choice questions (MCQ's) as a series of PowerPoint slides which students respond to by clicking the corresponding alphanumeric answer choice on their handsets (Figure 1) . Student responses are then displayed on a PowerPoint slide in the form of a suitable (bar, histogram, pie, etc) chart. The lecturer may then decide to elaborate on any relevant issues arising out of the question and answer display session. For instance, a lecturer should address why option (a) in Figure 2 , which 36% of the students in a class had selected as the correct option, is in fact incorrect. Figure 2 Chart showing student response to a question on integration, with one of the options (option a) highlighting a common student misconception about double integrals
Scope
The research described in this paper was designed as a case study to investigate the use of handsets by staff from the Mathematics Education Centre (MEC) at Loughborough University to teach Mathematics to undergraduate Engineering students. There are three research objectives for this case study: 1. To obtain student views about the usefulness (or otherwise) and impact of handset use on learning 2. To probe the impact of handset use on student engagement (as measured by in-class student participation rates) 3. To measure the impact of handset use on student academic performance The reason we adopted a case study approach was to determine whether the findings described in research literature about the potential benefits and usefulness of EVS use would apply within the context of engineering mathematics at Loughborough University.
The unique contributions of this research include:
• Conduct of an empirical study to investigate the relationship between student response rates when handsets are used compared with other common student response solicitation methods • Illumination on how handset drawbacks influence the perceived usefulness of handsets as well as the 'overall advantageousness' of handset use • Highlighting of the (initial) impact of EVS use on student academic performance, attendance and retention • Integration of research data from multiple sources including surveys, observations, staff views, and course information, based on a mixed-methods approach. A critique of research on EVS is the tendency for such research to report findings based on a single data source (Fies & Marshall, 2006) • A focus on the use of handsets in the formative assessment mode (King, Davis, Robinson & Ward, 2008) for the teaching of Mathematics
The structure of the paper is as follows: Sections 2 and 3 are devoted to the presentation of the literature review and methodology respectively, while Section 4 focuses on the presentation of results and associated data analysis. Section 5 is the conclusion while future work is the focus of Section 6.
Literature Review
A wide array of literature that includes two books -Banks (2006) and Duncan (2005) -exists on the use of handsets in the US, UK and other countries. So this section will focus on the review of two broad groups of publications that have been written on use of handsets in university education. First, there will be a review of the publications that have quintessentially been literature reviews of papers that have been published on the use of handsets. Second, there will be a review of a cross-section of papers that have focused on reporting evaluations of student perceptions of handset use.
Caldwell (2007), a review of existing literature on handset use, is a comprehensive and detailed work that covers every aspect of handset use including description of the technology, use of questions, effect on student performance and association of handsets with 'peer learning'. The study also includes guidelines for writing good questions and best practice tips. Caldwell however claims that "…much research remains to be done to elucidate the reasons why handsets are effective" and also that "…the research so far is not systematic enough to permit scientific conclusions about what causes the benefits". Simpson and Oliver (2007) categorises the literature on handsets, based on the maturity and increasing depth of research publications, into two timelines: (I.) Pre-2002 and (II.) Post-2002 Post- (2002 Post- -2006 . Distinctive contributions of this paper include the propositions that "Voting systems are best understood as a tool rather than a teaching approach", a view also supported by Fies and Marshall (2006) . The authors however cautioned that practice and research into handset use has tended to remain "…in the preserve of the enthusiast", without much emphasis on how the use of handsets "…impact on learning and net benefit".
The goal of the Fies and Marshall (2006) publication was to highlight the areas of handset research that require increased focus or greater depth. These areas include the adoption of more rigorous methodologies, study of effect of handset use by diverse student populations and increased emphasis on the evaluation of benefits of handset use in "group discussion" mode. In Roschelle, Penuel and Abrahamson (2004) , the authors present a theoretical approach code-named CATAALYST, which is based on a formative assessment framework. The authors claim that the CATAALYST approach "improves achievement" and they also use motivational goal theories to explain how the approach "creates greater engagement and broader participation". In Simpson and Oliver (2002) , the authors identify, based on literature review, three key measures (of what "counts as good learning") to use in evaluating the effectiveness of handset use. These measures are: The inadequacy of the lecture format as a medium for mere 'content transmission'; active engagement; and quality feedback. Further, the paper lists six benefits that may accrue with the use of handsets while also identifying 12 ways in which handsets have been used.
Publications focussing on student perceptions of handsets use include Zhu (2007) , which was based on a study of the use of handsets at the University of Michigan. In contrast to the Simpson and Oliver (2002) study, Zhu identified seven ways in which faculty use handsets and also proffered a list of 14 recommendations on how to use handsets. The MacGeorge, Homan, Dunning, Elmore, Bodie, Evans et al. (2007) study on the other hand adopted a "multi-survey" design that tracked student responses over the course of a semester while the effect of student diversity on perceptions of handset use was also measured. The authors also stressed that the impact of instructor approach to the use of handsets requires further research. Similarly, Kaleta and Joosten (2007) sought to measure student attitudes as well as the impact of handset use on grades and retention at the University of Wisconsin. The reported findings are consistent with those reported elsewhere in that student attitudes were generally positive -with slight improvements and reductions in grades and retention respectively. In Cline, Zullo and Parker (2006) , the author describes the use of coloured cards to stimulate engagement and 'peer discussion' in his classes and then contrasts this approach with the functionality afforded by the use of handsets, which were later introduced into the author's classes.
The following publications have a specific focus on the use of EVS to stimulate peer instruction or classwide instruction as an alternative to the traditional lecture format which is low on interactivity (Dijk et al., 2001 ), but high on content: Mazur (1997) , Hake (1998) , Draper and Brown (2004) , Boyle and Nicol (2003) , and Fagen, Crouch and Mazur (2002) . Papers that have been published by UK-based academics include Nicol and Boyle (2003) , Cutts, Kennedy, Mitchell and Draper (2004) , McCabe, Heal and White (2001) , and Draper, Cargill and Cutts (2002) . Further, electronic resources with comprehensive information on the use of handsets include the Vanderbilt University portal 2 and the repository created by Stephen Draper
Methodology
This section describes the methodology adopted in the design and execution of this case study.
Sample
145 undergraduate students drawn from the Automotive, Aeronautical and Mechanical Engineering departments who are in their second year of study participated in this study (see Figure 3 for sample composition by department) -the total class size was 250 students. As this study was designed to look at the impact of handsets on learning Mathematics at Loughborough University, these students were selected because they are a group of students who have been taught Mathematics with the aid of handsets. 145 students (representing 58% of the class) completed a main questionnaire on the use of handsets. In addition 120 students, drawn from the base class size of 250 students, (some of these 120 students are also part of the cohort of 145 students who later completed the main questionnaire), completed the one-minute questionnaire (see Section 3.2). Both questionnaires were administered in the first semester of the 2007/2008 academic session.
It should be stated here that the views of the students who participated in this study might not depict with complete accuracy the views of the typical Engineering student at Loughborough University. This is because students in the Automotive and Aeronautical Engineering departments are viewed as above average, having obtained grade 'A' (Distinction) or 'B' in Mathematics as requirement for admission into university.
Methods
This study adopted the mixed-methods research protocol, which consists of the following methods:
Observations: The authors sat in on classes and observed the influence or otherwise of the use of handsets on teaching and learning in the classes where handsets were used. The observations were initially open-ended, with the aim of going into classes simply to learn and record observations, and therefore not pre-empting findings or introducing preconceptions about handset use into the observation process.
From the initial open observations, the authors were able to collect data that subsequently informed later class observations. So the latter observations included watching out for the quantity, time and purpose of the questions used, student response and/or enthusiasm, TP equipment setup and functionality. One-Minute Questionnaire (OMQ): Based on the one-minute paper concept (Angelo & Cross, 1993) , this questionnaire was administered to students with one purpose in mind: To get them to list what they perceived as the pros and cons of handset usage. Further, students were given less than 120 seconds to complete the open-ended questionnaire, so as to get them to write down the issues that were uppermost in their minds, without giving it too much thought. Instances where data from the OMQ provide additional insights on a subject (finding) are highlighted in relevant subsections of Section 4.
Informal Feedback: There were informal discussions with individuals and groups of students, usually after classes where handsets had been used, soliciting their opinions on the benefits or otherwise of handset usage. For instance, a common question students were asked during the informal exchanges is, What's your opinion on the use of handsets in lectures?
Main Questionnaire: All 145 students who participated in this study completed a detailed, 13-item questionnaire which was created using the service provided by Bristol University 4 . The data presented in this study is based on student responses to this questionnaire, supplemented with data from observations, OMQ, and informal feedback. This questionnaire was piloted with 35 students (drawn from the base class size of 250 students) before the final version, which incorporated feedback from the trial version, was administered to the cohort of 145 students cited above.
Results, Analysis and Discussion
The analysis of the data from the main questionnaire, supplemented with information from observations, the OMQ and informal feedback is presented in this section.
Benefits
To determine which attributes of handset use students found the most beneficial, students were given a list of seven benefits on the main questionnaire and asked to rank the three benefits that they considered the most important in the order: 1 st , 2 nd and 3 rd . The benefits were derived from literature review, including some from a questionnaire that had been used at Glasgow University 5 one of the other two methods that had been implemented but later discarded. The other methods were: (1) Selecting the 3 benefits that had the highest total number of student responses -this method returned the same results as the one adopted above . The ranking of the benefits by the respondents is shown in 
Top Three Benefits
The top three benefits identified from the ranking exercise point to a very important role that handsets play, namely that they have the potential to "…alter the very basis of classroom dynamics by giving students, in large lecture based classes, the power of individual feedback and motivation" -AP (2005) as quoted in Barnett (2006) . But because the literature is saturated with (often superficial) focus on the 'feedback' attribute of handsets, it is easy to ignore or 'pass over' the role that feedback plays in student learning. Feedback can empower students in the following ways:
1. It is instant 2. It is a barometer for personal understanding of study 3. It enables the individual student to gauge the ability level of the class and subsequently peers at a given point in class 4. It can often be reassuring especially when students know they are not the only ones giving 'stupid' answers.
The formative feedback that the use of EVS engenders is pivotal in the learning process (Nicol & Macfarlane-Dick, 2006) . The effective use of EVS provides staff with the knowledge of what needs to be corrected and what needs to be reinforced in student learning (Russell, 2008) . Staff who do not have 'a sense' of how much students know or a means of gauging, week by week, student assimilation of the material they have been taught in class, cannot correspondingly make the necessary pedagogical changes in order to address identified gaps in students understanding. Moreover, prompt formative feedback also catalyses some form of dialogue (Laurillard, 2002) , which is usually non-existent in a traditional lecture format, between the teacher and the associated learners.
Fun
It is poignant to point out that although 'fun' was ranked last by students (Table 1) , this may not be an accurate reflection of the importance the modern student accords the role that fun plays in the learning process. The modern student experience is replete with fun-based activities such as video and interactive games, with some of these games having overt educational overtones. However, university (especially Mathematics) learning may not exactly be characterized as fun, as students are expected to display a serious and disciplined approach to learning. But it might be argued that the current generation of students may well better respond to instruction if they perceive the learning context as having an element of fun. Indeed, some of the student submissions to the OMQ, as indicated by the sample below, support this claim:
It's fun to press the buttons and make the pretty lights flush and the numbers go up [Turning Point handsets flash green when a handset is functional and red when it is not] It's fun, so helps make the lecture more fun [Handset] Has pretty lights
It is inconceivable that any self-respecting lecturer would consider any of the attributes of handsets as expressed in the comments above as beneficial to learning. But from a student perspective, the "pretty lights" may have kept them awake and thus available for the learning activity taking place in the classroom.
Other Beneficial Themes Identified
The other submissions from the OMQ identified the following themes (apart from fun) as being most important to students:
• T Th he em me e 1 1 -I am not stupid because other students also got answers wrong: "Reassures you there's always someone more stupid than you"; If you get it wrong no one knows you're stupid" • T Th he em me e 2 2 -Feedback: "Lets you know [how] well you are understanding the material as it's taught"; "Can see how well I am doing' • T Th he em me e 3 3 -Problem identification: "Shows where I need to work more"; "Allows lecturer to know if students are understanding material and hence what to re-cover" • T Th he em me e 4 4 -Engagement/Interactivity: Keeps people awake due to being interactive"; "Keeps people awake and attentive during lectures"; "Allows students to interact with lecturers more"; "Allows interaction between students and lecturers"; "Stops boredom. Keeps people awake" • T Th he em me e 5 5 -(Anonymous) Participation: "Gets you involved with the lecture"; "Your [i.e. you are] not afraid to give an answer" It should be noted that these themes from the OMQ instrument, apart from Theme 1 ("I am not stupid…"), are generally congruent with (the themes underpinning) the benefits identified from the main questionnaire (Table 1 ). The top three benefits identified in Table 1 are, for instance, consistent with Theme 2 (Feedback), Theme 3 ('Problem Identification') and Theme 4 ('Engagement/Interactivity') respectively. The consistency of the results derived from the two different instruments thus confirms that the same benefits that have accompanied EVS use in other institutional domains (e.g. Draper et al. 2002; Kaleta & Joosten, 2007) have generally been experienced within the Loughborough University EVS usage context.
Handset Drawbacks
Responses to a main questionnaire item on the perceived disadvantages of handset use shows that two main drawbacks were identified -handsets sometimes do not work (78 students) and it takes time to set up the systems for use in class (42 students). These drawbacks have to do with setup and operational issues which can be more readily overcome as staff competence and confidence in using handsets increase with time. To determine the impact of these two drawbacks on the perceived usefulness of handsets, the responses of students who had identified these drawbacks were correlated with their responses to the item on usefulness of handsets (Figure 4) . The results show that 35 students or 83% of those 42 students who said handsets "take time to set up" also said that they are 'useful or very useful", while 65 students or 83% of those 78 students who complained that handsets sometimes 'don't work' also said they found handsets 'useful or very useful'. These results further support the notion that the identified drawbacks were not considered sufficient by most of the participating students for them to significantly alter their positive perceptions of handset usefulness.
Figure 4 Impact of handset drawbacks on its perceived usefulness
In contrast to the main questionnaire where students were given a list of disadvantages to select from, the OMQ instrument was open-ended as students were simply asked to list what they considered the disadvantages ('cons') of using handsets. Again, the top two concerns were "Doesn't always work" and "It takes up time". The other two drawbacks that came up, with much lower occurrence, were "Used too often" and "Guesswork".
Usefulness and Overall Advantageousness of Handsets
In response to a question on how useful students found the handsets, 57.9% of students said they found handsets 'useful' while 22.8% found them 'very useful'. So 80.7% or 4 out of 5 students found the handsets generally useful ( Figure 5 ). Only 4.8% of students found the handsets either 'not at all useful' or 'not very useful'. However, 14.5% of the respondents responded to this question by selecting the 'neutral' option provided. There was also a main questionnaire item to determine whether students have, overall, found the use of handsets advantageous to their learning -taking into consideration the benefits, drawbacks and perceived usefulness of handsets. So the item on the overall advantageousness of handsets was deliberately positioned to appear after students had had a chance to response to the main questionnaire items on the benefits, drawbacks and usefulness of handsets. Student responses to the questionnaire item on the 'overall advantageousness' of handsets, when correlated ( Figure 6 ) with earlier submissions on how 'useful' they found voting systems, indicate a consistent pattern: students who found the handsets useful similarly said that the advantages outweigh the disadvantages. This is because 80% of students said handsets were either 'definitely advantageous' or that 'advantages outweigh disadvantages' while 15.9% of students selected the 'neutral' option. But submissions from 2 students indicated that although they considered handsets 'useful', the 'disadvantages [still] outweigh the advantages'. Further, submissions from 7 students who stated that they were "neutral" about the overall advantageousness of handsets had earlier stated that they considered handsets 'useful'. 
Impact of Handsets on Participation Rates
To evaluate whether handset use had significant advantages over other methods that are usually used to solicit student response in class, students were asked to specify how likely they were to respond when handsets are used compared to raising of hands or giving a verbal response. Student submissions clearly show that the use of EVS predisposes at least three-quarters of all students (84.61%) towards answering questions in class, compared to (28.67%) when students are asked to respond by raising their hands or (12.59%) when they are asked for a verbal response (Figure 7 ). To measure the relationship the between in-class student response rates and handset use, students were asked to select the likelihood (in percentage) of them responding to a question in class. Data results show that 4 out of 5 students indicated that, when handsets are used, there is at least a 50% likelihood that they will respond to a question in class. This is so because 37.9% and 46.2% of students indicated that their likelihood of participating in a class where handsets are used are 51-75% and 76-100% respectively. Moreover, even the students who are not sure about the usefulness of handsets are more likely to answer questions in class when they are provided with handsets ( Figure 8 ). Data analysis shows 71% of students who said they are 'neutral' as well as 57% of those who rated handset usefulness as either 'Not at all useful' or 'Not very useful' indicated that there is at least a 50% likelihood that these same students will participate in a class due to handset use. 
Reasons for Non-Participation
From class observations, it was apparent that a small subset of students did not appear to be participating in class. So one of the main questionnaire items included a question designed to provide answers to reasons why some students may have not used their handsets to participate in class. Survey data shows that 3 out of 5 (59.3%) students sometimes did not use the handsets provided to respond to questions in class. The top three reasons for this behaviour are 'insufficient time allocation for working out problem' (65.11%) 6 ; 'handset did not work' (30.23%); and 'did not collect/have a handset '(27.91%).
The time given for answering a question, from class observations, normally ranges from 30 to 120 seconds, depending on the topic and complexity of the problem. Thus time allocation for working out Mathematics solutions may be insufficient, especially for the 'slower' students. However, time allocation has to be balanced with moving the lecture along at a steady pace such that undue focus is not put on either the 'faster' students who usually turn in their answers quickly or the 'slower' students who require more time. Moreover, a student who had a fast turnaround time to one question may find another more demanding, and thus requiring more time.
Second, the EVS setup at Loughborough University means that some students may not be able to collect handsets for use in a class. The usual procedure is that students collect a handset as they enter a lecture hall from the front of the class. But some students may choose to enter a hall from the rear, and may not be too bothered about going to the front to collect a handset. In addition, some handsets didn't work and this seemed to have been a significant handicap, with 26 students (18%) responding that the handsets they used had at one time or another failed to work.
Submissions from two students indicated that one of the options for the question on why students did not vote on a question in class should have been inability to work out the problem. The reason this option was left out was because when EVS was used, the lecturer would usually have as an option the item, "I don't know".
Timing of Questions
In response to a question on when best to ask questions, the range of responses indicate that students do not seem to mind when questions are asked -questions may be paced throughout lecture or be asked towards the end. In practice -for instance, see King et al. (2008) -when questions are asked would depend on what the lecturer is aiming to achieve in a particular lecture as well as on the topic and scope of subject.
8 Handsets for Mathematics?
One of the objectives of this study was to investigate the perceptions of students towards the use of handsets. Although the target students are from Engineering departments, they are being taught Mathematics through the use of handsets. It is therefore important to know whether students think it is appropriate for Mathematics to be taught using handsets. For instance, one of the challenges of using EVS to teach Mathematics is the difficulty of finding relevant questions to use in lectures. And some students had made submissions, in response to the OMQ, such as "Some questions are pointless"; "Lecturer sometimes just asks questions instead of teaching it [the topic]" -suggesting that Mathematics may not be a suitable medium for handset use. However, the overwhelmingly positive response -88% of students indicated that they consider EVS 'appropriate' for teaching Mathematics in response to a main questionnaire item -seems a clear verdict that students welcome the use of handsets to teach Mathematics. The predominantly positive perception of the appropriateness of handsets for Mathematics teaching is however in contrast to the ambivalent views some of the Mathematics-teaching staff have towards the use of handsets (King et al., 2008) .
Staff Views
In a separate study (reported in King et al., 2008) , we surveyed and also interviewed the staff using EVS in a range of disciplines, including Mathematics, Geography, and Human Sciences, at Loughborough University. The findings indicate that the associated staff have positive views about the use of EVS, which is "generally seen as an effective teaching tool as its use can enhance student engagement by increasing their participation in class, give lecturers valuable feedback on student understanding, [and] make the classroom more 'fun'". However, staff expressed reservations about some of the technical (e.g. operating software quitting unexpectedly, faulty handsets, etc) and pedagogical obstacles (e.g. the learning curve, finding and using good questions, lecture time constraints, etc) that have to be overcome in order to use EVS effectively.
Impact on Student performance, Attendance and Retention
A critique of research on EVS impact on learning is the tendency for such research to mainly present findings on student attitudes or views of EVS usefulness (Simpson & Oliver, 2007) . In this study, we wanted to determine whether there has been any significant change in the academic performance of students who have been taught using EVS. To do this, we compared the mean academic grades of two cohorts of students on a second-year Engineering mathematics module taught by the same instructor in the 2006/2007 (i.e. 06/7) and 2007/2008 (i.e. 07/8) academic years -see Table 2 . The only major difference between the two cohorts of students was that the 2007/2008 cohort was taught using EVS -assessment modes, instructor pedagogical practices, and course curriculum largely remained the same across the two cohorts. The data (Table 2) shows that there was no significant difference in the overall grades of the two cohorts. Further, the '% of students failed' column (Table 2) indicates that EVS impact on student retention was negligible. Moreover, student attendance at lectures for the 2007/2008 cohort, based on class observations, was no different from attendance patterns for the 2006/2007 cohort. The negligible effect of EVS use on student retention and attendance is in contrast to reports of EVS potential to improve attendance (e.g. . However, it would be expedient not to conclude that EVS has no impact on student performance, since pedagogical changes often takes time to translate into concrete results, as measured by improvement in grades. In addition, it takes time to learn how to effectively use and integrate a technological tool into the teaching and learning process.
Conclusion
This case study focused on investigating the views of the affected students about the use of handsets by the MEC staff at Loughborough University in the teaching of Mathematics. The study was designed to:
• Highlight the usefulness (or otherwise) and impact of handset use on learning • Show the impact of handset use on student participation rates or engagement in class.
• Indicate the impact (or otherwise) of handset use on student academic performance Students generally have positive views about EVS usefulness, with 80% of students stating that they found handsets 'useful' or 'very useful'. Although handset use has some drawbacks and not all students have participated by using the handsets in class, yet the consensus, from student responses, is that EVS is seen as being overall advantageous to their learning. The benefits of EVS use that have been identified in research literature, such as feedback and problem identification, were also independently confirmed by the students we sampled. Student association of EVS use with fun, and how this may be beneficial to learning has also been highlighted. The results also show that handset use does increase the likelihood of students participating and engaging in class, as even students who do not view handsets as being particularly useful stated that they are more likely to participate in classes where handsets are used than otherwise. Moreover, the use of EVS has a greater impact on the likelihood of students engaging themselves in a class, compared to other common student response solicitation methods like raising of hands and volunteering a verbal response.
It is apparent from the findings presented in this paper and other research outputs that students display positive attitudes about EVS usefulness. However, the impact of EVS use on academic performance is not yet clear. The results obtained for this study show that EVS use has yet to make any difference to student performance, as measured by mean grades obtained on a mathematics module. Also, EVS use has had a negligible effect on student attention and retention rates. Longitudinal research is required to determine the long-term impact or otherwise of EVS use on student academic performance, using measurable criteria such as course grades.
Future Research
This study has focussed on obtaining the views of students about handset use and associated impact on student learning. We have also investigated the impact of EVS use on student grades and retention. Future research will continue to focus on the relationship between EVS use and academic performance over a two-year period across different modules and cohorts of students at Loughborough University. We also plan to undertake a survey of all mathematics' academic staff in the UK who are using EVS. Another aspect of handset use we plan to investigate are the effects (if any) of instructor approach and repetitive or regular use of handsets on student perceptions of their usefulness or otherwise. Last, we would take a deep approach to investigating how and in what concrete ways the use of EVS has helped or hindered students in learning mathematical subjects such as algebra. Table 2 Data showing the average grades of students on a second-year Engineering mathematics course at Loughborough University over a two-year period
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